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TECHNICAL NOTE
Relationship between urea clearance and ionic dialysance
determined using a single-step conductivity profile
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Relationship between urea clearance and ionic dialysance de-
termined using a single-step conductivity profile.
Background. On-line determination of ionic dialysance (ID)
has been used to measure the clearance of small solutes like
urea. However, attempts to determine the in vivo relationship
between ID and urea clearance have led to discordant findings.
The aim of this study was to determine the relationship between
the mean values of repeated instantaneous determinations of
ID throughout a dialysis session (mID), obtained using a single-
step inlet dialysate conductivity profile, and the mean values
of urea clearance corrected for access recirculation (Keu1), total
recirculation (access plus cardiopulmonary recirculation, Keu2),
and the entire postdialysis urea rebound (Kwb).
Methods. Eighty-two anuric patients on chronic thrice-
weekly hemodialysis were studied using an Integra machine
equipped with the Diascan module for the automatic determi-
nation of ID. The mean values of repeated ID measurements
made at 30-minute intervals were compared with Keu1 (avail-
able for only 31 patients), Keu2, and Kwb.
Results. The results in all 82 patients were: mID = 176 ±
23 mL/min; Keu2 = 181 ± 25 mL/min; Kwb = 159 ± 22 mL/min.
The mean mID/Kwb and mID/Keu2 ratios were, respectively,
1.11 ± 0.06 and 0.98 ± 0.06. The results in the 31 patients for
whom Keu1 values were available were: mID = 179 ± 24 mL/min
and Keu1 = 200 ± 27 mL/min; the mean mID/Keu1 ratio was
0.90 ± 0.05.
Conclusion. The mean value of repeated ID determinations
obtained using a single-step conductivity profile underestimates
urea clearance corrected for access recirculation, and may be
considered an adequate estimate of urea clearance corrected
for total recirculation.
Urea is universally recognized as a marker of solute re-
tention and removal in dialysis patients, and so determin-
ing the amount of urea transport during a dialysis session
(calculated as the product of urea clearance and dialysis
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duration normalized for urea distribution volume, Kt/V)
is currently the most widely used method for calculating
the prescribed dialysis dose and quantifying that actually
delivered. A number of observational studies have clearly
shown that there is an inverse relationship between the
delivered dialysis dose and the mortality and morbidity
of chronic hemodialysis patients [1–6]. As the delivered
dialysis dose may be lower than that prescribed, it is of
paramount importance to know how much of the pre-
scribed dose is actually delivered.
The delivered Kt/V is usually calculated by means
of the single-pool, variable volume urea kinetic model,
which requires an accurate estimate or measurement of
urea clearance and the collection of blood samples for
the determination of plasma urea concentrations at the
start and at the end of the dialysis session [7]. As a re-
sult, the delivered dialysis dose is infrequently quantified
and, indeed, current international guidelines [8, 9] rec-
ommend checking it at monthly intervals (a pragmatic
rather than ideal recommendation). However, because
some data suggest that the delivered dose may vary con-
siderably from one session to another [10], more frequent
measurements are desirable in clinical practice.
Using the single-pool, variable volume urea kinetic
model, once the average mean urea distribution volume
(V) has been established for an individual patient, the de-
livered Kt/V can be determined by measuring urea clear-
ance (K) and treatment time (Td). As Td is known and
V does not change rapidly in stable patients, so it seems
reasonable to assume that it remains constant over pro-
longed periods of time (correcting for differences in fi-
nal body weight between one session and another), it
would be useful to have an easy, noninvasive, and eco-
nomic method of calculating K in order to be able to
estimate and monitor the delivered Kt/V ideally at each
dialysis session.
The availability of on-line measurements of ionic dialy-
sance (ID) may aid the monitoring of the dialysis dose at
each dialysis session because instantaneous ID can be
measured simply by using 2 conductivity probes placed
at the dialyzer inlet and outlet, without the need for any
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blood or dialysate sampling [11, 12]. This allows repeated
ID measurements that can be used to calculate the mean
value for the dialysis session as a whole (mID). It has
been suggested that ID may provide an adequate esti-
mate of urea clearance, but there is still no agreement
on the precise in vivo relationship between ID and urea
clearance [12–19]. In particular, Gotch et al have recently
found almost identity between ID and urea clearance
corrected for access recirculation [19]; on the contrary,
previous studies reported ID values very close to those
of urea clearance corrected for total recirculation (i.e.,
access plus cardiopulmonary recirculation), thus signifi-
cantly underestimating urea clearance corrected for only
access recirculation [14, 18]. However, such different find-
ings can be at least partially explained by the fact that,
as recently shown, ID values may vary widely depending
on the different methods used to modify inlet dialysate
conductivity during their measurement [16, 19].
The aim of this study was to assess whether determin-
ing ID by means of a single-step conductivity profile (in
which the inlet conductivity profile is changed to a fixed
value and then restored to its baseline value) affects the
relationship between urea clearance and ID observed
when using a 2-step conductivity profile. To this end, we
compared the mean values of repeated instantaneous ID
measurements throughout the dialysis session obtained
using a single-step inlet conductivity profile (mID), and
the mean values of urea clearance corrected for access
recirculation alone, total (access plus cardiopulmonary)
recirculation, and the entire postdialysis urea rebound.
METHODS
After giving informed consent, 82 anuric patients on
chronic thrice-weekly hemodialysis entered the study,
which was reviewed and approved by local ethics com-
mittee. Eighty-two dialysis sessions were performed, 1
for each patient. The prescribed blood flow rate (Qbi)
was between 200 and 400 mL/min, and was kept con-
stant throughout dialysis session; the dialysate flow rate
was fixed at 500 mL/min. Vascular accesses were native
arterio-venous fistula in 71 patients, synthetic graft in
11 patients. Of the total of 11 dialyzer types, low-flux
dialyzers were used in 85% of the sessions. All of the
sessions were conducted using an Integra dialysate de-
livery machine (Hospal, Medula, Italy), equipped with
the Diascan Module (Gambro, Dasco, Italy) for the
automatic determination of ID, and the Quantiscan
Module (Gambro, Dasco, Italy) for the fractional col-
lection of outlet dialysate. The Diascan module has a
temperature-compensated conductivity probe activated
at the dialysate outlet: a microprocessor increases or re-
duces the pumping rate of acid concentrate to increase
or reduce the baseline inlet dialysate conductivity (CDi)
by 1 mS/cm for 2 minutes. Software records the values of
inlet and outlet dialysate conductivity (CDo) during this
phase (CDi1, CDo1; step 1) and after CDi is moved back to
the prescribed baseline value (CDi0, CDo0; step 0). ID is
then calculated using Equation 1 [12], which, like all of
the following equations, is given in the Appendix. The ID
measurement procedure takes about 6 minutes, and the
first determination is completed 15 minutes after the start
of the session; further determinations are automatically
made every 30 minutes.
The Quantiscan module is a peristaltic pump that works
on an outlet dialysate line by continuously collecting a re-
duced volume sample (0.1% of total dialysate flow). The
volume of total dialysate with ultrafiltration (VDo) is sep-
arately computed using continuous signals from flowme-
ters located within the volumetric ultrafiltration control
system, and displayed on the screen of the dialysis moni-
tor. Using this device, a difference of only 0.3 ± 2.6% has
been reported between the computed and collected total
dialysate volume [20].
At each session, 3 blood samples were taken to deter-
mine plasma urea (Up) and total protein (TP) concentra-
tions, in order to be able to calculate urea concentration
in plasma water (Upw) using equation 2 [21]. The first
blood sample was taken immediately before the start of
the dialysis treatment (Upw0), the second at the end of
the session at the inlet port of the dialyzer after slow-
ing Qbi to 50 mL/min for 2 minutes (Upwt2′), and the
third 30 minutes after the end of the session (Upwt30′).
In the case of 31 of the 82 patients, an “immediate” post-
dialysis blood sample was also drawn at the inlet port
of the dialyzer after slowing Qbi to 100 mL/min for ap-
proximately 10 seconds (Upwt10′′). The same 31 patients
also had samples for the analysis of systemic plasma wa-
ter sodium concentration, hematocrit (Htc), hemoglobin
(Hb), and inlet dialysate sodium concentration (NaDi)
drawn before the start of the dialysis session; systemic
plasma water sodium concentration was also determined
at the end of the session, and the mean value of the initial
and final measurements (Napws) was used for the analysis.
Plasma and dialysate urea (UDo) and total plasma protein
concentrations were determined in duplicate using a Hi-
tachi 917 analyzer (Hitachi, Tokyo, Japan). Plasma water
and dialysate ionized sodium concentrations, and Htc and
Hb were measured by means of direct ionometry (Stat
Profile M analyzer; Nova Biomedical, Waltham, MA,
USA).
Whole body clearance (Kwb, i.e., dialyzer urea clear-
ance corrected for total recirculation and postdialysis
urea rebound) was determined according to Equation 3,
using the direct dialysate quantification method de-
scribed by Depner et al [22], and was then used to cal-
culate urea clearance corrected for access recirculation
(Keu1) according to Equation 4, and urea clearance cor-
rected for both access and cardiopulmonary recirculation
(Keu2) according to Equation 5.
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Starting from Napws, plasma water sodium concentra-
tions at the inlet (Napwi) and outlet (Napwo) ports of
the dialyzer during step 1 (Napwi1, Napwo1) and step 0
(Napwi0, Napwo0) were estimated according to Equations 6
and 7, applied over a 2-minute period (considering the
Donnan factor as being equal to 0.967; our unpublished
data), using Keu1 as dialyzer urea clearance, and calcu-
lating cardiopulmonary recirculation (Rcp) from Equa-
tion 8. Finally, Napwi1 and Napwi0 were used to calculate
the expected ID/Keu1 ratio according to Equation 9 [19].
Dialysate sodium concentration (NaDi) during ID mea-
surement was estimated from dialysate conductivity, be-
ing the ratio between NaDi and dialysate conductivity
determined during “baseline” conditions.
Statistical analysis
The urea clearance values obtained using the direct
dialysate quantification method were adopted as the ref-
erence and compared with the arithmetical mean of the
ID measurements. Mean differences, standard deviations,
and 95% confidence intervals are provided for each vari-
able. The individual differences in these variables were
also plotted against the possibly relevant reference vari-
able in order to test whether the difference depended
on the value of the latter. The same plots show regres-
sion lines with the b-regression coefficient, and the asso-
ciated P value of the null hypothesis of a b-regression
coefficient equal to zero. Adjusted R2 was calculated
in order to measure how much of the variability of the
y axis (the difference between the tested and the ref-
erence variable) was explained by the variation on the
x axis (the reference variable). A probability value of less
than 0.05 was considered as statistically significant. The
statistical analyses were made using SPSS for Windows,
release 11.0 (Chicago, IL, USA).
RESULTS
The urea clearances in the 82 patients were: Kwb 159 ±
22 mL/min, Keu2 181 ± 25 mL/min. The Diascan module
made a total of 601 instantaneous determinations (a mean
of 7 ± 1 per patient; range 5–9); the mean ID (mID) was
176 ± 23 mL/min. Among 62 patients in whom all the first
7 instantaneous ID determinations were available, these
showed a linear decrease throughout the dialysis session,
leading to a mean 8% reduction from the initial value by
the seventh determination (Table 1).
The difference between mID and Kwb was 17 ±
9 mL/min (95% CI 15–19 mL/min; P < 0.001), and the
mID/Kwb ratio was 1.11 ± 0.06, thus indicating a mean
overestimate of Kwb by mID of 11%. When the (mID −
Kwb) difference was plotted against Kwb (Fig. 1), no cor-
relation was found (b coefficient −0.049; P = 0.287), thus
Table 1. Mean (± SD) differences and ratios between each
sequential instantaneous ID determination and the initial value
Determination Difference
number mL/min Ratio Pa
1 (Ref.) 0.0 1.000
2 −3.5 ± 8.6 0.982 ± 0.048 <0.001
3 −5.8 ± 7.8 0.970 ± 0.041 <0.001
4 −9.0 ± 9.1 0.953 ± 0.048 <0.001
5 −10.0 ± 11.1 0.948 ± 0.057 <0.001
6 −12.0 ± 11.4 0.938 ± 0.059 <0.001
7 −14.9 ± 12.2 0.923 ± 0.063 <0.001
Data from 62 patients with all the first 7 instantaneous ID determinations
available.
aVersus initial value.
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Fig. 1. Relationship between the (mID−Kwb) difference and Kwb
values.
indicating that mID always overestimates Kwb regardless
of dialyzer clearance.
The difference between mID and Keu2 was −5 ±
10 mL/min (95% CI −7 to −3 mL/min; P < 0.001), and
the ID/Keu2 ratio was 0.98 ± 0.06, thus indicating a mean
underestimate of Keu2 by mID of only 2%. When the
(mID − Keu2) difference was plotted against Keu2 (Fig. 2),
there was a direct correlation with Keu2 (b coefficient
−0.157; P < 0.001), thus indicating that the mean under-
estimate of Keu2 by mID increases with increased dialyzer
clearance.
The urea clearances in the 31 patients for whom Upwt10′′
values were available were: Keu1 = 200 ± 27 mL/min,
Keu2 = 188 ± 26 mL/min, and Kwb = 165 ± 25 mL/min.
In this group of patients, the Diascan made 225 instan-
taneous ID determinations (a mean of 7 ± 1 per pa-
tient; range 5–9), and the mean ID (mID) was 179 ±
24 mL/min. The difference between mID and Keu1 was
−21 ± 10 mL/min (95% CI −25 to −17 mL/min; P <
0.001), and the mID/Keu1 ratio was 0.90 ± 0.05, thus indi-
cating an underestimate of Keu1 by mID of 10%. When the
(mID − Keu1) difference was plotted against Keu1 (Fig. 3),
there was a direct correlation with Keu1 (b coefficient
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values.
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values.
−0.173; P = 0.01), thus indicating that the underesti-
mate of Keu1 by mID also increases with increased di-
alyzer clearance. The difference between mID and Keu2
was −9 ± 9 mL/min (95% CI −12 to −5 mL/min; P <
0.001), for a mID/Keu2 ratio of 0.96 ± 0.05; the difference
between mID and Kwb was 15 ± 7 mL/min (95% CI 12–
17 mL/min; P < 0.001), for a ID/Kwb ratio of 1.09 ± 0.05.
ID in these 31 patients was determined by changing
dialysate conductivity from a mean value of 14.39 ±
0.22 mS/cm at step 0 to a mean value of 13.71 ± 0.61 mS/
cm at step 1 (it was decreased from 14.46 ± 0.16 mS/cm
to 13.46 ± 0.16 mS/cm in 26 patients, and increased
from 14.06 ± 0.13 mS/cm to 15.04 ± 0.17 mS/cm in 5).
Given that, for a mean CDi0 of 14.39 ± 0.22 mS/cm, the
mean NaDi0 was 140.98 ± 2.14 mEq/L (indicating a mean
NaDi/CDi ratio of 9.79 ± 0.05), for a mean CDi1 of 13.71 ±
0.61 mS/cm, a mean NaDi1 of 134.31 ± 6.01 mEq/L,
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Fig. 4. Systemic plasma water sodium concentration (Napws) and
plasma water sodium concentration at the inlet port of the dialyzer
during step 0 (Napwi0) and step 1 (Napwi1) in 31 patients. Continuous
lines indicate mean values.
and a mean NaDi (that is the difference between inlet
dialysate sodium concentrations at baseline and during
step 1) of 6.67 ± 7.25 mEq/L could be calculated. The
mean Napws was 142.68 ± 1.91 mEq/L, the mean Rcp was
0.08 ± 0.03, and the mean Qei was 253 ± 39 mL/min.
Applying these values to Equations 6 and 7, it was possi-
ble to derive a mean plasma water sodium concentration
at the inlet port of the dialyzer of 142.86 ± 1.86 mEq/L
during step 0 (Napwi0) and 142.41 ± 1.88 mEq/L during
step 1 (Napwi1) (Fig. 4), thus resulting in a mean Napwi
(that is the difference between inlet plasma water sodium
concentrations at baseline and during step 1) of 0.45 ±
0.51 mEq/L. The expected mean mID/Keu1 ratio in these
patients (calculated according to Equation 9) was 0.93 ±
0.03, a value approaching the observed mID/Keu1 value
of 0.90 ± 0.05.
DISCUSSION
In clinical practice, the delivered Kt/V is usually deter-
mined by means of the single-pool, variable-volume urea
kinetic model, and usually calculated monthly because of
the need for pre- and postdialysis blood samples. Nev-
ertheless, some data suggest that dose delivery may vary
considerably from one session to another [10], and so
more frequent determinations are desirable.
In 1993, two different authors described the mathe-
matics underlying the noninvasive measurement of urea
clearance during dialysis [11, 12]. The differences in con-
ductivity between the dialysate inlet and outlet at 2 differ-
ent dialysate inlet conductivity values makes it possible to
calculate ionic dialysance, which can be considered as be-
ing similar to sodium dialysance (because of the very close
correlation between the conductivity of an electrolyte so-
lution and its sodium content), and to urea clearance, be-
cause of the similar molecular weights of sodium chloride
and urea. In order to make the most of the conductivity
method (i.e., to obtain the delivered dialysis dose easily
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from ionic dialysance), it is necessary to know the rela-
tionship between urea clearance throughout the dialy-
sis session (determined according to the direct dialysate
quantification method), and the mean value of repeated
ionic dialysance measurements. Our results in 82 patients
show that the mID determined by the Diascan Module in-
corporated in the Integra dialysate delivery machine pro-
vides an adequate estimate of urea clearance corrected
for total recirculation (Keu2), as the mID/Keu2 ratio indi-
cates a mean underestimate of Keu2 by mID of only 2%;
on the other hand, mID underestimated Keu1 by 10% and
overestimated Kwb by 11%.
The significant underestimate of Keu1 by mID is a the-
oretically expected result insofar as ID should be equal
to Keu1 only when the plasma water sodium concentra-
tion at the dialyzer inlet port (Napwi) is kept constant
during ID measurement [11]. On the other hand, if Napwi
changes during ID measurement, ID underestimates Keu1
to a degree predicted by Equation 9, which, according to
the underestimate, is directly proportional to Napwi and
inversely proportional to NaDi. This explains the con-
siderably different results obtained by Gotch et al, with
their 2-step conductivity profile for the determination of
ID, which indicated an ID/Keu1 ratio approaching iden-
tity (1.01) and an ID/Keu2 ratio of 1.06 [19]. In their study,
the changes in dialysate conductivity during ID measure-
ments (an increase to a fixed value of 155 mEq/L, fol-
lowed by decrease to a fixed value of 135 mEq/L) were
planned a priori in order to minimize the Napwi/NaDi
ratio, which was actually very close to zero (0.03). In our
31 patients for whom we derived Napwi during step 0
(Napwi0) and step 1 (Napwi1) from the measured values
of systemic plasma water concentration, dialysate con-
ductivity, and cardiopulmonary recirculation, we found
a mean change in Napwi and NaDi during the ID deter-
minations of, respectively, 0.45 mEq/L and 6.67 mEq/L,
thus giving a mean Napwi/NaDi ratio of 0.07. On the
basis of these results and Equation 9, we should there-
fore have expected to find a mean underestimate of Keu1
by mID of 7%, which is slightly different from the actual
underestimate of 10%.
This discrepancy can be explained by possible inac-
curacies in deriving Napwi and NaDi (i.e., the 2 fac-
tors required to calculate the expected ratio between ID
and Keu1). An inaccurate determination of NaDi could
have been due to the fact that the ratio between NaDi
and dialysate conductivity calculated during step 0 was
also used to derive NaDi during step 1, whereas this ra-
tio could actually be different because of the 2 different
dialysate conductivity values during steps 1 and 0 (13.71 ±
0.61 mS/cm and 14.39 ± 0.22 mS/cm); however, this was
not the case because the ratio between dialysate sodium
concentration and dialysate conductivity remains con-
stant over the range of conductivity values observed in
this study (our unpublished data).
On the contrary, concern may arise in the case of the
determination of Napwi because this was calculated (not
measured) only taking into account the effect of car-
diopulmonary recirculation, and not considering the pos-
sible effect of the diffusive transport of sodium across the
dialyzer that actually occurred during ID determination.
Our data confirm the results of previous studies using
a single-step conductivity profile for the determination
of ID that found similarity between ID and Keu2, and an
underestimate of Keu1 by ID. Lindsay et al [18] reported
a mean ID/Keu1 ratio of 0.95 and a mean ID/Keu2 ratio of
only 0.99 in 8 patients with no access recirculation and a
consequent dialyzer urea clearance (Kd) equal to Keu1.
Similar results were obtained by Mercadal et al, who ob-
served a mean underestimate of Keu1 by ID of 10% when
Keu1 was more than 180 mL/min (as it was in our patients)
[14], and identity between ID and Keu1 in the absence of
cardiopulmonary recirculation, when Napwi is inevitably
kept constant during ID determination [23]. Taken to-
gether, these results clearly confirm that the ratio of ID
to urea clearance greatly depends on the method used to
modify inlet dialysate conductivity during the determi-
nation of ID, as has previously been pointed out in other
reports [16, 19].
CONCLUSION
Our results show for the first time in a relatively large
population of hemodialysis patients that the mean value
of repeated ionic dialysance determinations obtained
using a single-step inlet dialysate conductivity profile un-
derestimates urea clearance corrected for access recir-
culation, but provides a clinically adequate estimate of
urea clearance corrected for total recirculation. They also
further underline the importance of dialysate inlet con-
ductivity during ionic dialysance measurements in de-
termining the relationship between ionic dialysance and
urea clearance, which may explain the different results
obtained in previous studies using a 2-step conductivity
profile.
APPENDIX
Ionic dialysance (ID) measurement
ID (mL/min) = (QDi + Qf) ×
[
1 − CDo1 − CDo0
CDi1 − CDi0
]
(Equation 1)
QDi, dialysate flow at the inlet port of the dialyser, in mL/min; Qf,
ultrafiltration rate, in mL/min; CDi1, inlet dialysate conductivity during
step 1, in mS/cm; CDo1, outlet dialysate conductivity during step 1, in
mS/cm; CDi0, inlet dialysate conductivity during step 0, in mS/cm; CDo0,
outlet dialysate conductivity during step 0, in mS/cm.
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Urea concentration in plasma water (Upw)
Upw(mg/mL) =
Up
100 − 1.07 · TP (Equation 2)
Up, plasma urea concentration, in mg/dL; TP, plasma total protein con-
centration, in g/dL.
DDQ method
Kwb(mL/min) =
VDo · UDo · ln
( Upwt30′
Upw0
)
Td · (Upwt30′ − Upw0)
(Equation 3)
Keu1(mL/min) = Kwb ·
Upwt30′
Upwt10′′
(Equation 4)
Keu2(mL/min) = Kwb ·
Upwt30′
Upwt2′
(Equation 5)
VDo, volume of total dialysate with ultrafiltration, in mL; UDo, dialysate
urea concentration, in mg/mL; Upw0, urea plasma water concentration
at the start of the dialytic session, in mg/mL; Upwt2′ , urea plasma water
concentration at the end of the session after slowing Qbi to 50 mL/min
for two minutes, in mg/mL; Upwt30′ , urea plasma water concentration
at 30 minutes after the end of the session, in mg/mL; Upwt10,′′ urea
plasma water concentration at the end of the session after slowing Qbi
to 100 mL/min for approximately 10 seconds, in mg/mL; Td, dialysis
time, in min.
Plasma water sodium concentration at the inlet (Napwi)
and outlet port of the dialyzer (Napwo)
Napwo(mEq/L) = Napws − Keu1Qei
(
a × Napws − NaDi
)
(Equation 6)
Napwi(mEq/L) =
(
1 − Rcp
) ×Qei×Napws+Rcp×Qei×Napwo
Qei
(Equation 7)
where Qei = Qbei · [Fp—Htc/100 · (Fp - Fr)] [24];
Fr = 1 – 0.0107 · Hb (g/dl) and Fp = 1 – 0.0107 · TP (g/dl) [21];
Qbei = Qbi · [1 – (Qbi - 200)/2000] [25]
Napws, systemic plasma water concentration, in mEq/L; Keu1, urea
clearance corrected for access recirculation, in L/min; Qei, blood water
flow, in L/min; a, Donnan factor; NaDi, dialysate sodium concentration
at the inlet port of the dialyser, in mEq/L; Rcp, cardiopulmonary recir-
culation; Qbei, effective blood flow, in L/min; Qbi, nominal blood flow,
in L/min.
Cardiopulmonary recirculation (Rcp)
Rcp=
Upwt2′ − Upwt10′′
Upwt2′ − UpwV
(Equation 8)
where UpwV = Upwt10′′—Keu1/Qei · Upwt10′′
UpwV, urea plasma water concentration at the outlet port of the
dialyzer, in mg/mL.
Expected ratio between ionic dialysance (ID) and urea
clearance corrected for vascular access recirculation
(Keu1)
ID
Keu1
= 1 − a × Napwi
NaDi
(Equation 9)
where Napwi = (Napwi1 − Napwi0) and NaDi = (NaDi1 − NaDi0)
Napwi1, plasma water sodium concentration at the inlet port of the
dialyzer during step 1, in mEq/L; Napwi0, plasma water sodium concen-
tration at the inlet port of the dialyzer during step 0, in mEq/L; NaDi1,
dialysate sodium concentration at the inlet port of the dialyzer during
step 1, in mEq/L; NaDi0, dialysate sodium concentration at the inlet
port of the dialyzer during step 0, in mEq/L.
ACKNOWLEDGMENTS
The authors wish to thank all patients involved in the study, the nurs-
ing staff taking care of them, and Piero Scaravilli (laboratory technician)
for his help in sample analysis.
Reprint requests to Dr. Salvatore Di Filippo, Department of Nephrol-
ogy and Dialysis, A. Manzoni Hospital, Via dell’Eremo 9/11, 23900
Lecco, Italy.
E-mail: nefrologia@ospedale.lecco.it
REFERENCES
1. GOTCH FA, SARGENT JA: A mechanistic analysis of the National
Cooperative Dialysis Study. Kidney Int 28:526–534, 1985
2. OWEN WF, JR., LEW NL, LIU Y, et al: The urea reduction ratio
and serum albumin concentration as predictors of mortality in
patients undergoing hemodialysis. N Engl J Med 329:1001–1006,
1993
3. HAKIM RM, BREYER J, ISMAIL N, SCHULMAN G. Effects of dose of
dialysis on morbidity and mortality. Am J Kidney Dis 23:661–669,
1994
4. PARKER TF 3rd, HUSNI L, HUANG W, et al: Survival of hemodialysis
in the U.S. is improved with a greater quantity of dialysis. Am J
Kidney Dis 23:670–680, 1994
5. HELD PJ, PORT FK, WOLFE RA, et al: The dose of hemodialysis and
patient mortality. Kidney Int 50:550–556, 1996
6. PORT FK, WOLFE RA, HULBERT-SHEARON TE: High dialysis dose is
associated with lower mortality among women but not among men.
Am J Kidney Dis 43:1014–1023, 2004
7. SARGENT JA, GOTCH FA: Mathematic modeling of dialysis therapy.
Kidney Int 18(Suppl 10):2–10, 1980
8. NATIONAL KIDNEY FOUNDATION: K/DOQI Clinical Practice Guide-
lines for Hemodialysis Adequacy, 2000. Am J Kidney Dis
37(Suppl 1):S7–S64, 2001
9. European Best Practice Guidelines for Haemodialysis (Part 1).
Nephrol Dial Transplant 17(Suppl 7):S17–S31, 2002
10. MC INTYRE CW, LAMBIE SH, TAAL MW, FLUCK RJ: Assessment
of haemodialysis adequacy by ionic dialysance: intra-patient vari-
ability of delivered treatment. Nephrol Dial Transplant 18:559–562,
2003
11. POLASHEGG HD: Automatic non-invasive intradialytic clearance
measurement. Int J Artif Organs 16:185–191, 1993
12. PETITCLERC T, GOUX N, REYNIER AL, BENE B: A model for non-
invasive estimation of in-vivo dialyzer performances and patient’s
conductivity during hemodialysis. Int J Artif Organs 16:585–591,
1993
13. PETITCLERC T, BENE B, JACOBS C, et al: Non-invasive monitoring
of effective dialysis dose delivered to the hemodialysis patient.
Nephrol Dial Transplant 10:212–216, 1995
14. MERCADAL L, PETITCLERC T, JAUDON MC, et al: Is ionic dialysance
a valid parameter for quantification of dialysis efficiency? Artif Or-
gans 22:1005–1009, 1998
15. MANZONI C, DI FILIPPO S, CORTI M, LOCATELLI F: Ionic dialy-
sance as a method for the on-line monitoring of delivered dialy-
sis without blood sampling. Nephrol Dial Transplant 11:2023–2030,
1996
16. DI FILIPPO S, MANZONI C, ANDRULLI S, et al: How to determine
ionic dialysance for the online assessment of delivered dialysis dose.
Kidney Int 59:774–782, 2001
17. LOCATELLI F, DI FILIPPO S, MANZONI C, et al: Monitoring sodium
removal and delivered dialysis by conductivity. Int J Artif Organs
18:716–721, 1995
Di Filippo et al: Relationship between urea clearance and ionic dialysance 2395
18. LINDSAY RM, BENE B, GOUX N, et al: Relationship between effective
ionic dialysance and in vivo urea clearance during hemodialysis. Am
J Kidney Dis 38:565–574, 2001
19. GOTCH FA, PANLILIO FM, BUYAKI RA, et al: Mechanisms determin-
ing the ratio of conductivity clearance to urea clearance. Kidney Int
66(Suppl 89):S3–S24, 2004
20. RONCO C, BRENDOLAN A, MILAN M, et al: Impact of biofeedback-
induced cardiovascular stability on hemodialysis tolerance and ef-
ficiency. Kidney Int 58:800–808, 2000
21. COLTON CK, SMITH KA, MERRILL EW, et al: Diffusion of organic
solutes in stagnant plasma and red cell suspensions. Chem Eng Prog
Symp Ser 66:85–100, 1970
22. DEPNER TA, KESHAVIAH PR, EBBEN JP, et al: Multicenter clinical
validation of an on-line monitor of dialysis adequacy. J Am Soc
Nephrol 7:464–471, 1996
23. MERCADAL L, DU MONTCEL ST, JAUDON MC, et al: Ionic dialysance
vs urea clearance in the absence of cardiopulmonary recirculation.
Nephrol Dial Transplant 17:106–111, 2002
24. SARGENT JA, GOTCH FA: Principles and biophysics of dialysis, in
Replacement of Renal Function by Dialysis, edited by Jacobs C,
Kjellstrand CM, Koch KM, et al: Dordrecht, Kluwer Academic
Publishers, 1996, pp 34–102
25. DAUGIRDAS JT, DEPNER TA: A nomogram approach to hemodialysis
urea modeling. Am J Kidney Dis 23: 33–40, 1994
